A chronic mismatch of caregiver responsiveness to infant-feeding cues, such as feeding when the infant is not hungry, is hypothesized to have a role in the development of overweight by impairing an infant's response to internal states of hunger and satiation. Although this concept of mismatch or discordance has long been acknowledged in scholarly writings, a systematic assessment of the evidence supporting the role of discordant responsiveness during infant feeding in the early origins of overweight is lacking. This review was undertaken to assess evidence for this hypothesized relationship between discordant responsiveness in feeding and overweight in infancy and toddlerhood, framed within the larger social-environmental context of the infant-caregiver dyad. A systematic method was used to extract articles from three databases of the medical, psychology and nursing fields. The quality of evidence collected was assessed using Oxford University Centre for Evidence Based Medicine's level of evidence and through a narrative review. The systematic search resulted in only nine original research studies, which met a priori inclusion/exclusion criteria. Several studies provide support for the conceptual model, but most were cross-sectional or lower quality prospective studies. The need for consistent definitions, improved measures and longitudinal work is discussed. In conclusion, this review reveals preliminary support for the proposed role of discordant responsiveness in infant/child overweight and at the same time highlights the need for rigorous investigation of responsive feeding interactions in the first years of life.
Introduction
Infancy is believed to be a sensitive period for the development of energy intake regulation 1 and overweight. [2] [3] [4] [5] [6] In the first 2 years of life, infants and toddlers are dependent on their caregivers to provide adequate and appropriate nutrition. For this reason, the potential influence of feeding dynamics on overnutrition and the development of overweight is seemingly intuitive. Scholarly work on early life origins of overweight, however, has largely ignored the possible impacts of social and behavioral transactions on infant feeding. We focus on one particular aspect of these caregiver-infant transactions: responsive feeding. In this review, we define responsiveness within the context of overweight, as involving prompt, contingent and developmentally appropriate responses to the infant's hunger and satiety cues. As the review will describe, the degree to which feeding interactions are responsive is believed to hold importance in infant development by nurturing or impeding the development of self-regulation. Self-regulation, generally defined as 'the ability to regulate reactionsyand to function more independently in a personal and social context, (pg 93)' is said to have multi-dimensional influence on functioning, including behavioral, emotional and cognitive actions. 7 The early development of this general capacity is profoundly affected by supportive caregiver-infant interactions and it is likely that these interactions have a similar impact on the development of eating self-regulation. We present a model in which a caregiver's responsiveness that is congruent with infant-feeding cues encourages the development of infant selfregulation as it relates to energy intake, and eventually obesity.
Overweight and accelerated weight gain in infancy and toddlerhood
The problem of pediatric overweight is evident before the preschool years. Data collected in the National Health and Nutrition Examination Survey [2007] [2008] indicated that approximately 10% of infants and toddlers were above the 95th percentile for weight-for-length; the prevalence was as high as 14.9% in Hispanic males. 8 These numbers are of concern because heavy infants are at increased risk of overweight in later stages of development. 9, 10 Analysis of the CDC Pediatric Nutrition Surveillance System data revealed that overweight infants (0-11 months) were 2.9-4.3 times more likely to be overweight between the ages of 1 and 4 years than non-overweight infants. 11 Accelerated weight gain during the first 2 years of life, independent of birth weight and parental weight status, has also been associated with a greater risk of overweight during childhood [12] [13] [14] [15] [16] [17] and young adulthood 4, [18] [19] [20] [21] (see Stettler and Iotova 22 for a review). Though discussion of etiology has favored biological explanations, caregiver-infant feeding interaction, like responsiveness, is implicit when considering the potential contributing factors of infant weight gain.
14,23
Caregiving and self-regulation among infants and toddlers
Why might caregiver responsiveness be a formative dimension of feeding during the first 2 years of life? Responsiveness is a dimension of infant-caregiver interactions, which has been said to shape an infant's ability to acquire selfregulation. 7 Early relationships with caregivers engender an infant's development in numerous ways, but a supportive environment to enhance the development of self-regulation of energy intake holds unique importance for childhood obesity risk. Supporting infant self-regulation of energy intake may provide the necessary conditions to facilitate development of regulatory capacity and autonomy throughout infancy and into childhood. It is believed that infants and young children are born with a nascent capacity for selfregulation that becomes actualized through cause-effect learning, which occurs when their behavior is consistently met with a prompt, developmentally appropriate response. 24 Responsive caregiving has been studied for decades in domains outside of child feeding and growth, and has been positively associated with a wide range of developmental outcomes in infancy and early childhood including emotional, language and cognitive capacity, as well as the security of attachment to the mother (see Ziv et al. 25 for a review). Such synchronous interactions are thought to provide fundamental support for opportunities to learn mastery and self-regulation. 26 Early infant emotions, for example, stem from physical states, including temperature, sleep states and hunger. 7 Newborns exhibit emotional reactivity to these physical states and express discomfort via crying, but begin to show signs of self-regulated behavior by 3 months of age. 27 Examples of self-regulated behavior include turning the body or head away from undesirable stimuli and moving the hands toward the head and mouth. 7 Caregivers support this developmental progression from emotional reactivity to self-regulation by their consistent, accurate and appropriate responses to infant cues, which foster expectations in the developing infant about predictable patterns of interaction. 7 However, accurate interpretation by caregivers is complicated by the fact that infant crying can reflect discomfort due a variety of physical states including sleep, temperature and hunger states. 28 Thus, it should be acknowledged that caregiver and child are mutually influencing one another over time through the consistency, meaning and appropriate interpretation of one another's behaviors. Caregiver influences on the infant's development of self-regulation of feeding behavior parallels emotional development. In their monthly feeding observations of 26 motherinfant pairs over the first year of life, Ainsworth and Bell 29 observed that mothers who exhibited more sensitive pacing and prompt responses to the infant during feeding had infants who cried less in early infancy and demonstrated greater attachment to their mothers at the end of the first year, compared with mothers who adhered to rigid feeding schedules. This supports the hypothesis that caregiver responsivity affects infant outcomes and development. 30, 31 However, the relationship between caregiver and infant is bidirectional and can also be affected by the clarity of infant cues. 32, 33 Some infants demonstrate ambiguous signals, and have fewer behaviors in general, including fewer elicited and spontaneous vocalizations, fewer smiles, less gaze and joint attention and poor signals to indicate their needs (including hunger cues). In such cases, a caregiver's responsiveness might be discordant with infant needs (due to poor clarity of cues) or might be a low level because few cues are exhibited. To this notion, Wright and colleagues 34, 35 have argued that appropriate responses to infant-feeding cues are critical for self-regulation and self-control of food intake to develop to its fullest potential. This argument is evidenced by experimental studies, which have demonstrated that infants as young as 6 weeks of age could adjust the volume of formula intake in response to its energy content to maintain daily energy intake. [36] [37] [38] Observational research has also provided evidence of such a capacity, including data from 3022 children (6 to 24 month old ) participating in the Feeding Infants and Toddlers Study showing inverse relationships between the number of daily feeds and the size of feeds. 39 In the context of developmental literature on responsive parenting, self-regulation of energy intake in infancy and toddlerhood is viewed as the extent to which feeding environments and interactions allow the biological potential of the child for self-regulation to be actualized.
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A potential role for responsive feeding
Although contribution of responsive feeding to self-regulation and overweight in early development has been suggested in scholarly writings for decades, 35,41-44 systematic inquiry appears limited. This review was undertaken to characterize empirical support for the assertion that variation in the concordance of a caregiver's responsiveness and an infant's hunger and satiety cues has a fundamentally important role in growth by supporting energy self-regulation in infancy and toddlerhood. Figure 1 presents the conceptual framework that guided the review by articulating potential pathways through which caregiver responsiveness to infant-feeding cues influences child intake and growth. Drawing from the developmental literature, feeding responsiveness is defined for the purposes of this review as prompt, contingent and developmentally appropriate responses to the child's hunger and satiety cues. 24, 45 The bidirectional nature of feeding is implicit in this definition, with the caregiver dependent on the infant to provide clear, unambiguous cues and the infant dependent on the caregiver's accurate interpretation of and appropriate response to those cues for obtaining adequate and appropriate nutrition. Given the aforementioned variance in the clarity of infantfeeding cues, caregivers may be challenged to a lesser or greater degree in their interpretation of cues. Likewise, lessresponsive caregivers may challenge the infant to provide clearer cues (within a repertoire that may be relatively limited in the first months of life). Thus, when we refer to caregiver feeding responsiveness, we are referring to a characteristic of the caregiver-child dyad's level of concordance in interactions during feeding. Responsiveness to child-feeding cues has previously been included as part of an internationally recognized framework of infant-care practices oriented toward the prevention of malnutrition and the support of child mental, social and physical development. 31, 44, 46 In that work, responsive feeding has been broadly conceptualized to involve the caregiver's adaptation to the child's psychomotor abilities for feeding and provision of a structured feeding environment with a goal of facilitating energy consumption to offset the effects of malnutrition. 44 In contrast, this review focuses solely on the role of caregiver responsiveness to feeding cues in supporting the capacity of infants to self-regulate energy intake for optimal growth in a context of obesity risk. Figure 1 was developed drawing from scholarly writing dating back almost a half century. 35, [41] [42] [43] [44] In this model, discordant caregiver responsiveness to infant cues, specifically feeding without hunger and feeding beyond satiety, is hypothesized to impair infant-satiety response. Such impairments are suggested to promote energy intake beyond needs for growth via increases in meal size and/or feeding frequency. Overweight and rapid weight gain during infancy and toddlerhood are the main growth-related outcomes of interest. This model acknowledges feeding responsiveness as being nested within a broader social-environmental context that influences the way in which caregivers feed their children, 47 50 and parental knowledge of development. 51 These are all the factors brought in to the feeding relationshipFand all can have considerable effects on the relationship. This model acknowledges these elements, which are at the foundation of building a responsive feeding relationship. The review was initiated to assess the amount and quality of empirical evidence available to support this proposed model.
Materials and methods

Literature-search strategy
We performed a systematic literature review of responsive feeding using the three major databases from three dis- responsiveness to accelerated weight gain and/or overweight. This model suggests that chronic mismatch between a caregiver's responsiveness and an infant's feeding cues can result in increased feedings (amount and/or frequency), which eventually lead to the acceleration of weight gain and overweight via impaired infant self-regulation. A caregiver's responsiveness refers to both the amount and quality of responsive behaviors. The model illustrates that caregiver and infant relationship is reciprocal, which is impacted by the clarity of infant cues. The model also acknowledges that the caregiver-infant dyad exists within a socio-environmental context, which might impact the relationship.
Responsive feeding and infant overweight KI DiSantis et al the concepts outlined in the conceptual model (Figure 1 ), including responsive feeding, self-regulation, feeding/ hunger cues, as well as terms related to obesity, such as rapid weight gain. The phrases/terms in quotations were searched for the exact phrase/term, whereas the other terms were not put in quotations to allow for a variety of combination terms to be searched. All search terms that included the word 'Infant' were repeated using the term 'Child' to ensure an extensive search of the infant population.
Study selection and grading
Article titles and their abstracts were briefly reviewed by the first author (KI DiSantis) using the selection criteria. Those that met and questionably met the inclusion/exclusion criteria were then thoroughly reviewed for eligibility by all the authors. Inclusion criteria included the following: original research, published in English, published up to September 2009, involving healthy full-term infants, aged 0-24 months of child age, including infant feeding/eating and/or infant weight/growth outcomes, and oriented toward child overweight/rapid weight gain and/or obesity. Owing to concerns about socioeconomic and cultural consistency across studies, and the goal of focusing on overnutrition and obesity (as opposed to slow growth and malnutrition), exclusion criteria included research conducted in developing countries. In addition, given the focus on infant overweight and obesity, research that focused on growth faltering (organic or non-organic) or low birth weight was excluded. Although including growth faltering and malnutrition studies would increase the quantity of articles extracted, they likely would not have added to the content of this review as responsive feeding in these studies are investigated in relation to a very different set of outcomes, including promotion of energy intake and weight gain. The quality assessment phase measured the level of evidence provided by each included study and utilized the Oxford University Centre for Evidence Based Medicine (CEBM) levels of evidence system. 52 This system was developed to be an advancement of the Canadian Task Force on the Periodic Health Examination grading system of 1979.
The 'level' of evidence is graded, primarily based on the rigor of the study design (e.g., randomization in interventions), sampling (e.g., response rate), longitudinal versus crosssectional, outcome assessment (e.g., negative assessment if outcome measure is imprecise) and the follow-up rate, with '1a' being the highest and '5' being the lowest level. Levels of evidence were independently assigned to the included papers by two of the study authors. A consensus approach was used to resolve discordant assessments, in which a third reviewer independently graded the article and discussion by all authors was used to assign a final rating.
Results
Systematic review results
The results of the systematic review are detailed in Table 1 and illustrated in Figure 2 . The search of three databases with 25 aforementioned keywords provided 1877 hits. Owing to the fact that these databases contain subscriptions to the same journals or indexes, it was not possible to derive a unique number of hits. After elimination of redundant abstracts, 82 unique abstracts were deemed appropriate for full-abstract review based on the first author's brief review of article titles and abstracts. These abstracts were then thoroughly reviewed by all authors based on the a priori inclusion/exclusion criteria described above to determine whether they would be selected for final analysis. First, 14 articles were excluded because they were not original research studies, performed research in a population other than infants of 0-24 months and/or the research was performed with regard to malnutrition/growth faltering ( Figure 2 ). The 68 remaining articles were assessed to determine whether some aspect of infant/child obesity was directly measured (eating behavior, intake weight and/or growth) and whether caregiver-feeding practices/behaviors were assessed ( Figure 2 ). A total of 29 articles were excluded because some aspect of infant overweight/obesity or infant eating/intake outcomes was not directly measured. In most of these excluded cases, feeding observations or other feeding measures were used as a tool to investigate general parental responsiveness or general infant-caregiver Responsive feeding and infant overweight KI DiSantis et al interaction, but the observations were never presented in the context of infant eating/intake outcomes or were not directed toward obesity outcomes child overweight/obesity. Overall, 30 articles were excluded because of lack of assessment of caregiver-feeding practices/behaviors, for instance, in which feeding characteristics and infant growth might have been assessed but no aspect of responsiveness was measured. After screening all abstracts, a total of nine articles met the inclusion/exclusion criteria and were included in the systematic review ( Figure 2) . The results of evidence-level grading for the nine articles, based on CEBM criteria, are provided in Table 2 . All articles were graded as being a '2c' level or lower level, meaning the design was cross-sectional or a lower quality cohort study or case-control study. Table 2 also provides additional details related to the quality of the research studies, including sampling characteristics, methods of measuring feeding responsiveness and a brief outcome summary. Below we briefly review these articles and their implications following the framework of the conceptual model in Figure 1 .
Narrative review Socioenvironmental context of discordant responsiveness. Feeding interactions take place within a wider social-environmental context, consisting of a wide range of factors like biobehavioral issues, culture, psychosocial status, physical environments and history at individual, family and community level. Mogan 53 was the only article in the review that considered context, by evaluating associations of both parental and infant weight status with maternal sensitivity to infant cues. Parental weight status is an individual-level variable, but in this study they accounted for the differences between dual and caregiver households with varying combinations of parents classified as normal or overweight. Parental weight status was categorized into three groups:
(1) two normal weight parents, (2) one overweight and one normal and (3) two overweight parents. Mothers and infants were observed during six feeding sessions from age 0 to 6 months to assess feeding interactions. The observations were coded using the Nursing Child Feeding Assessment Scale, which contained the following subscales: mother's sensitivity to cues, response to distress, social -and emotional growth fostering, cognitive fostering and the infant's clarity of cues and responsiveness to their mother. This measure, particularly the mother's sensitivity to cues and infant responsiveness subscales, allowed for the assessment of discordance in responsiveness in a bidirectional manner as presented in Figure 1 . Although the methodology was strong, the authors did not find that these responsive feeding behaviors of the mother and/or infant differed among the parental weight groups. However, infant weight status differed significantly at 6 months of age according to parent weight group, with infants who had one or two overweight parents being more likely to be at or above the 90th percentile for weight. Mogan 53 did not report on relationships between maternal feeding responsiveness and infant weight status at 6 months, so it is unclear whether any relationship existed in this sample. Although this study used observational data, which assessed the bidirectional feeding relationship, it neither found relationship between parental weight status and responsive maternal-infant feeding interactions nor did it report on the association of responsive feeding with infant weight at 6 months. Other studies of older children have connected maternal weight status with unresponsive feeding practices (i.e., restriction in feeding), 54 but are outside the developmental scope of this review.
Discordant responsiveness and feeding frequency and amount. As Figure 1 illustrates, discordant responsiveness in feeding might lead to increased feeding frequency or amount. Numerous circumstances of discordance could combine to result in increased feeding frequency (including feeding an infant in the absence of hunger cues, misperception of hunger cues) and increased amounts of food (including ignoring fullness cues, or misperception of fullness cues). If this were to continue over a period of time, the risk of increased energy would increase. Kavanagh et al. 55 performed a double-blinded, randomized intervention, which focused on using education on feeding responsiveness and prevention of overfeeding to reduce the risk of overfeeding (infants were 3-10 weeks at enrollment Responsive feeding and infant overweight KI DiSantis et al The intervention group did not differ significantly in formula intake or weight gain in the hypothesized direction, as the control group reported lower formula intake at 4-5 months and the intervention group had greater weight gain (grams per week).
2b
Discordant responsiveness and impaired self-regulation Rybski et al. No association between the measured maternal feeding behaviors and either infant eating behaviors or 24-hour energy intake, but it is important to consider that mothers were not allowed to hold their infants during any feeds, which would clearly limit the amount of behaviors a mother can perform. Type: qualitative self-report Description of measure: Open-ended questions on mother's past feeding practices (e.g., breastfeeding) and mother's concepts and attitudes toward infant feeding.
Maternal responsiveness was an identified theme. Obese and control infants did not differ in the following maternal responsiveness to feeding, energy intake, or in her timing of breastfeeding cessation or supplementation introduction.
3b
Responsive feeding and infant overweight KI DiSantis et al (n ¼ 21) received a 45-min educational session on general guidelines for infant feeding, including appropriate age of introduction of complementary foods, safe preparation of complementary foods, responsive feeding practices, when feeding complementary foods, and information on low-cost ways of providing nutritionally balanced meals. The intervention group (n ¼ 19) was given similar information but additionally provided with educational information on being aware of infant-satiety cues when breastfeeding or bottle feeding (e.g., understanding early versus late cues) and were encouraged to only prepare 6 ounces of formula per feeding. The outcome measures were both infant weight and length and formula intake (measured at baseline, 2 weeks after the class and at about 4 months. Kavanagh et al. 55 found no differences between the intervention and control groups with regard to formula intake at any of the time points and bottle-emptying behavior, and conversely the intervention group infants were heavier and taller at 4 months. Thus, this study did not provide support for the conceptual model. Kavanagh et al. 55 acknowledged shortcomings in this small study including that at baseline the intervention group infant's were taller and heavier than the control group, the bottle records were not weighed and a considerable loss to follow-up rate with only 38% Note: Two studies were presented within this article, but only the study performed within an infant sample was presented in this review.
Responsive feeding and infant overweight
KI DiSantis et al of the original sample completing both the class and the assessments. Rybski et al. 56 similarly studied the associations between maternal feeding behaviors and infant intake, in a small sample of 3-day-old female, white infants. Although the study observed maternal behaviors related to responsiveness during bottle feedings (i.e., verbal interaction, eye contact, tender and caretaking touching), the purpose of the study was to observe changes in sucking behaviors and intake of formula across a 24-h period to understand the potential effects of circadian periodicity. The feeding variables (e.g., total feeding time, nutritive sucking time nutritive sucking count) were measured during six observations set at the same time for all participants across a 24-h period in a stimuli-free room, with controlled temperature and lighting. This study did not find an association between maternal feeding behaviors and infant energy intake. A potential source of bias for evaluating feeding responsiveness was that mothers were not allowed to hold their infants during any feeds, which could have limited the amount and type of (e.g., touching) behaviors a mother was engaged in during a feeding. In view of these shortcomings of these studies, additional research is needed to evaluate the effect of caregiver awareness of infant-feeding cues on infant energy intake and subsequent weight gain.
Discordant responsiveness and impaired self-regulation. As shown in Figure 1 , we suggest that caregiver feeding responses that are discordant with infant hunger and fullness cues could led to impaired satiety response in the infant. Experimental and observational studies have shown that infants and toddlers possess an ability to self-regulate energy intake at and across eating occasions by adjusting food intake in response to changes in feeding frequency and the energy content of foods consumed. [57] [58] [59] Responsive caregiving is believed to promote cause (i.e., infant cue) and effect (i.e., caregiver response) learning that is central to the development of self-regulation. 24 Some have suggested that chronically unresponsive feeding may negatively influence what children learn about when eating should begin and end. 40, 41 This systematic review, however, did not identify any research that has evaluated the assertion that feeding interactions affect infant satiation. As such, there is currently no evidence to suggest that responsiveness influences child self-regulation of energy intake in infancy or toddlerhood. The notion that feeding children in the absence of hunger and continuing to feed beyond fullness is detrimental to the development of self-regulation has appeared in scholarly writing for well over half a century. The findings of this review suggest the need for research explicitly measuring dimensions of appetite regulation, including hunger, satiety and satiation. Owing to a lack of studies and negative finding, evidence that feeding responsiveness influences infant self-regulation of energy intake remains weak.
Discordant responsiveness and accelerated weight gain and overweight
Compared with other areas of the model, a relatively greater number of studies were identified involving the association of responsiveness to infant cues with infant weight status and weight gain. Saxon et al. 60 studied maternal feeding behaviors and subsequent weight gain. The feeding behaviors focused on in Saxon et al., 60 measured whether a mother reported using demand or schedule feeding in the first 6 months of life, rather than more directly assessing responsiveness as we have described. However, the authors describe demand feeding in the same manner as we have describe responsive feeding, in which the caregiver would initiate feeding in response to infant-hunger cues, rather than based on the external factor of time. Mothers retrospectively self-reported their feeding practices from birth to 6 months, and were then classified as demand or schedule feeders based on the answers to these two questions:
(1) I would classify my feeding philosophy as: (answers: 'Feeding on demand' or 'Feeding on a schedule') and (2) Who would you say usually determined your baby's eating routine? (answers: 'Me (myself/caregiver)' or 'Baby'). They reported that feeding style did not significantly predict infant weight gain at 2, 4 and 6 months (controlling for birth weight). Although Saxon et al. 60 findings do not support a relationship between maternal feeding style and infant's future weight status as proposed in the model, a few shortcomings must be noted. Foremost, demand versus scheduled feeding does not explicitly capture 'responsive feeding' as we have defined it. Also breastfeeding was not controlled for during analyses, even though it has been linked to growth particularly in the first 2 years of life, 61 and the two groups had differential levels of breastfeeding. 60 Lastly, evaluating growth (i.e., change with time) may have been more informative than assessing weight at each time point controlling for birth weight. Farrow and Blissett 62 examined a well-researched aspect of responsive feeding, maternal control and its moderating effects on infant weight gain in the first year of life. Relative to the other studies reviewed, the maternal behavior of interest was well aligned with the definition of 'responsive feeding' used here. Maternal control was measured through the systematic coding of feeding observations (using the Feeding Interaction Scale, 63 in which the observer rates the mother on a 1-9 scale, with 1 equaling a very controlling caregiver (e.g., mother is continuously forcing the infant to eat) and 9 equaling not controlling (e.g., mother is allowing the infant autonomy to control his or her own feeding, although supervising the infant). Infant weight was measured at 6 and 12 months (birth weight was taken from hospital records). They found that infant weight gain from birth to 6 months, and from 6 to 12 months were negatively correlated, indicating that infants appear to self-regulate their weight in the first year of lifeFhowever, this was only found in infants with low maternal control in feeding. Infants with high-maternal control in feeding had the opposite patternFweight gain from birth to 6 months and
Responsive feeding and infant overweight KI DiSantis et al from 6 to 12 months was positively correlated, so that a high weight gainer from birth to 6 months would continue on the path of high weight gain. This suggests that, although infants have the capability of self-regulation of energy intake and weight gain, there is an interaction with the environment (caregiver feeding control) that can modify the expression of this potential. Farrow and Blissett's 62 work offers insight into the role of one aspect of responsive feeding (maternal control) and infant growth. The prospective nature of the study along with rigorous measures helps to add support to the model proposed here. In a more recent investigation identified, Li et al.
64
reported on a population-based survey of US mothers, which investigated whether breastfeeding duration and frequency, and exclusiveness and bottle-emptying practices predicted excess infant weight gain in the interval between 6 and 12 months. These feeding practices were self-reported at multiple time points from birth to 6 months. Findings revealed that infants who often emptied bottles in the first 6 months of life were 69% more likely to have excess weight gain in the second-half of infancy (6-12 months), when compared with those who rarely emptied bottles. 64 Also, high breastfeeding intensity (combination of duration and frequency) resulted in significantly reduced excess weight gain. This study explores the 'what' of infant feeding (breastmilk versus formula), which is often focused on with relation to obesity, but also explores the 'how,' through the effects of bottle emptying. These findings highlight behavioral aspects of infant feeding, which affected infant weight gain in this large sample (n ¼ 1896). An issue in interpreting these findings is the extent to which bottleemptying behaviors reflected infants' appetites versus caregivers' responsiveness to infant-feeding cues. Additional research is needed to address this issue. Worobey et al. 65 assessed the association of infant growth with maternal-feeding attitudes related to responsiveness for their association with infant growth in a sample of low income, minority women and their newborn infants. Maternal 'pushiness' during feeding (using the Maternal Feeding Attitudes Questionnaire
66
) and maternal sensitivity to infant cues (using the Nursing Child Assessment Feeding Scale 67, 68 ) were assessed in relation to infant growth from birth to 12 months. After controlling for numerous factors (such as birth weight, gender, race/ethnicity, maternal age, maternal body mass index before pregnancy), infant weight gain between 6 and 12 months was predicted by mothers' sensitivity to satiety cues such that low-maternal sensitivity to infant cues resulted in increased weight gain. It should be noted that infant growth measures lacked standardization, as change in actual weight was investigated (i.e., weight gained from 6 to 12 months of age), no change in growth based on a standardized growth reference (i.e., weight-for-age Z-score change). As a result, the changes in growth only speak to change to one's own baseline not in reference to whether the individual's growth would trail, equal or exceed other individual's of similar gender and age.
Two studies were identified that assessed infant obesity/ overweight in relationship with responsive feeding. Dubois et al. 69 sampled two groups of infants; 42 normal weight 4-9 months old (25-75th percentiles and 47 overweight 4-9 months old (o90th percentile). They investigated whether these two groups differed in energy intake, infant feeding history and maternal reliance on external cues. For 'maternal reliance on external cues', mothers were asked open-ended questions and their answers were coded with respect to the following variables: mother usually uses external cues to initiate or terminate feedings, sometimes tries to feed more or less than the infant wants and sometimes offers food to stop infant's crying. External cues were described as time or prepared portion of formula/food and infant signals were described as sucking fingers (hunger) or turning head away (fullness). Dubois et al. 69 found no differences in maternal reliance on external cues among the groups of overweight 4-to 9-month-old infants (o90th percentile) and normal infants (25-75th percentiles). However, the method of measuring maternal feeding responsiveness was not standardized as open-ended questions were used, which had not been previously validated. Baughcum et al. 70 investigated the affect of maternal-feeding behaviors on weight in an infant sample (aged 11-23 months). A separate sample of preschoolers was assessed as part of this study; 70 however, those results are not discussed given the focus of this review on infants and toddlers. Within the infant sample, a number of aspects of maternal feeding in which responsiveness is implicit were assessed for the association with infant weight status, including concern about the infant's weight (either over-or underweight), concern about the infant being hungry, using food to calm the infant and establishing a feeding schedule. However, no associations were identified between a particular feeding style and overweight in infants. Income was found to influence feeding behaviors, for example low-income mothers of infants reported more concern about infant hunger and feeding infant on a schedule. Thus, the findings of Baughcum et al. 70 did not add support for the model. But a criticism is that the purpose of the study was in part to validate the questionnaires usedFthese new questionnaires might have failed to elucidate responsive feeding behaviors. For example, maternal control in feeding, commonly measured through the validated Child Feeding Questionnaire, 71 has previously been connected with child overweight, 72 ,73 yet in this study, control was not associated with child overweight. Also measuring concurrent weight and feeding behaviors might not reflect any of the effects from feeding behaviors in infancy on later childhood overweight. Most of the evidence was gathered to support the connection between responsive feeding and weight gain/overweight as presented in the model, and of the six studies identified, three added support.
Summary of the systematic review findings
The evidence gathered was rated at 2b or lower level of the CEBM system, meaning there was a dearth of high-quality 
64
; Worobey et al. 65 ) revealed associations with dimensions of feeding responsiveness as described for the model. Although these studies provide preliminary support for an influence of responsive feeding on infant/toddler weight, there was a notable lack of evidence to substantiate the assertion that such a relationship is produced by excessive energy intake. Further, the methods for measuring responsive feeding as reviewed in this narrative and as presented in Table 2 , generally reveal a lack of consistency in the manner in which feeding responsiveness has been operationally defined. This concern, along with the failure to consider the bidirectional nature of maternal responsiveness and infant behaviors, points to the need for further exploration.
Discussion
This systematic review offered the opportunity to describe the rationale for investigating responsive feeding and overweight during infancy and toddlerhood and to assess the state of the science on this topic. The conceptual model provided a framework for identifying and thematically organizing scientific literature on this topic. The systematic approach adopted here revealed a dearth of rigorous inquiry on this topic. The three studies that provided the strongest support for the model (Farrow and Blissett   62 ; Li et al.
64
; Worobey et al.
65
) evaluated maternal responses to satiety cues and/or bottle-emptying behaviors and their association with infant growth. Only Li et al., 64 however, assessed feeding interactions in a longitudinal manner. In general, all the articles retrieved, supportive or not, lacked prospective assessments of infant-caregiver interactions as they relate to self-regulation, growth and obesity, which was evidenced by the relatively low CEBM levels assigned to the studies gathered. This is a crucial gap in the current literature in light of recognition that feeding interactions are nested in developmental phases. So that capturing caregiver-infant interactions at one time point only provides insight into that point in development. That there was a shortage of support for the proposed model from the primarily cross-sectional studies in this systematic review should not discourage further inquiry. Beyond the dearth of longitudinal work in this area, the assessment of the dynamic nature of caregiver-infant feeding interactions is notably lacking. Responsiveness can be conceived of as a reciprocal dimension of feeding in which children are responsible for providing clear feeding cues and the caregiver for responding in a prompt and developmentally appropriate manner. However, rather than focusing on how bidirectional aspects of feeding relate with obesity outcomes (increased energy intake, rapid weight gain overweight), studies have focused on how infant-eating behaviors or caregiver (primarily maternal)-feeding behaviors independently affect these outcomes. This is potentially because of the lack of assessment tools, which measure interactions in a dynamic manner, rather than assessing the infant or the caregiver alone. To move knowledge ahead in the area of feeding behaviors and obesity prevention, it is necessary to begin to assess the dyad. Such assessments would aid in evaluating the usefulness of the proposed model.
In addition to the alternating focus on either infant or caregiver behaviors, there was a noteworthy lack of consistency in measurement of 'responsive feeding. ' The variation in measurement is illustrated by the variety of constructs reported on by the articles in this review ( Table 2) . Variables used to represent responsive feeding included demand/ schedule feeding, 60 bottle emptying, 64 observational measures (e.g., NCAST) 56 and self-report measures of caregiver behaviors. 62, 70 An additional complicating factor is that previous research in responsive feeding has been largely oriented toward undernutrition and has conceptualized feeding responsiveness more broadly than is considered here for obesity prevention. Measuring responsive feeding in the framework of obesity prevention may require a different operational definition of responsive feeding than those used in the context of undernutrition. In the model explored here, discordant responsiveness leads to increases in infant intake, which could lead to chronic energy imbalance and, eventually, overweight. The relatively new interest in viewing responsive feeding in the context of child obesity risk may explain the lack of concerted study on this topic. Why has feeding responsiveness been largely ignored in efforts to understand the development of overweight? Exploration of feeding dynamics and their role in intake and growth requires a multidisciplinary perspective involving parenting, pediatric nutrition and child development. Psychologists have long studied feeding, but viewed it primarily as a vehicle for studying parent-child relationships and developmental outcomes other than growth rather than as phenomena of interest unto itself. Nutritionists have historically viewed children's eating behavior in terms of food and nutrient intake rather than feeding and eating behavior. As a result most knowledge related to feeding pertains to what children are fed rather than how children are fed. Recognition of environmental contributions to pediatric overweight and challenges to its treatment have only recently directed scholarly interest toward understanding familial influences on the development of eating behavior.
Acknowledging that the caregiver-infant dyad and family is situated within a broader socioenvironment context encompassing among others, cultural beliefs/practices about parenting and feeding, policy, education, healthcare and childcare, it is clear that a great deal of work remains to be carried out to begin to understand the complexities of interactions among these factors and the intrapersonal and interpersonal factors we think shape dyadic feeding interactions. It is overwhelming and beyond the scope of any single study to undertake such a task, but such a broad conceptual model as proposed here is useful to the field at large, pointing to particular relationships that are un-or underexplored and highlighting areas in which interdisciplinary collaborations could be fruitful. As first steps in advancing knowledge in this area, we offer some suggestions.
The development of well-operationalized and rigorously developed measurement tools is clearly a priority for moving scientific inquiry forward in this area. Rigorous observational approaches should be considered in initial research efforts to characterize feeding responsiveness and to identify dimensions for which self-report may be possible. 74 Qualitative methods may also prove fruitful to identify potential facilitators and barriers to responsiveness, such as caregiver feeding knowledge, attitudes and beliefs. Longitudinal studies will be required to draw inferences about the capacity of responsiveness to modify child nutritional and growth trajectories. Beyond closing in on the caregiver-child interactions, a multidisciplinary approach must be taken to address the complexity of both caregiver-infant interactions and obesity and how and whether responsive feeding relates to the entire growth spectrum (undernutrition to obesity). Points of exploration, include experiences of the infant and caregiver during feeding from mood and stress, 75, 76 alterations in neurohormones 77 and racial/ethnic differences and cultural beliefs, which might alter caregivers' attitude to optimal responsiveness, can be investigated. 78, 79 Thus, efforts to understand the development of infant/child eating behavior and its importance for growth should take feeding, its goals and its context into consideration. The dependence of infants and toddlers on their caregivers to obtain nutrition and develop eating skills suggests a potentially critical role for responsive feeding in nutrition and growth from a very early point in development. A recent study of overweight children illustrates the need for such early interventions, as it found that nearly 60% of overweight children became overweight before the age of 2 years. 3 As a potentially modifiable behavior, responsiveness may represent an efficacious target for early obesity prevention efforts in the future.
Conclusion
In conclusion, the notion that a chronic mismatch between feeding and child cues contributes to the development of overweight is not new. 29, 41 On the basis of the findings of this systematic review, however, the role of feeding responsiveness in accelerated growth and overweight remains, to date, is more speculative than substantive. There is preliminary support for the proposed role of responsiveness in growth during early development, though the strength of evidence is relatively weak and the studies are few. These findings underscore that we are in the early stage of empirical research on this topic. As such, we conclude that additional rigorous investigation of feeding responsiveness is needed, particularly longitudinal studies, within the framework of early obesity prevention efforts among diverse populations.
